As endocrinological parameters such as thyroid hormones modulate proliferative, metabolic, and angiogenic pathways, it is surmised that their levels can be associated with cancer development and progression. Most patients with gastroesophageal cancer are diagnosed very late and have a poor prognosis, yet the association with endocrinological parameters has not been addressed so far. The aim of this study was to correlate hormones with the outcome, so new prognostic and potentially therapeutic markers can be defined. We analyzed clinical and endocrinological parameters including history of thyroid disorders and laboratory analyses of thyroid hormones and correlated these with the overall survival in a large European cohort of patients with inoperable locally advanced or metastatic gastroesophageal cancer treated between 2002 and 2018 at the Vienna General Hospital, Austria. In total, the survival outcome of 258 patients was evaluated. Higher levels of fT4 (p = 0.041, HR = 2.202) and lower levels of T3 (p = 0,003, HR = 0,141) were associated with significantly shorter survival. However, the overall survival of patients with known thyroid disorders did not differ significantly from euthyroid patients (euthyroid, 283 days; hyperthyroid, 354 days; hypothyroid, 284 days; p = 0.472). Elevated fT4 levels are associated with poorer overall survival of patients with gastroesophageal cancer in advanced stages. Since data on the correlation of endocrinological parameters and gastroesophageal cancer are scarce, this analysis is an important impulse for further studies concerning the impact of thyroxine on patients with cancer of the upper GI tract.
Introduction
Cancer of the upper gastrointestinal (GI) tract which encompasses esophageal cancer, gastric cancer, as well as cancer of the gastroesophageal junction is a frequent disease and major contributor to global disease burden. Worldwide, cancer of the upper GI tract is the second leading cause of cancer-related death, with about 1.4 million newly diagnosed cases (951,000 cases of gastric cancer and 456,000 cases of esophageal cancer) in 2012 [1] . Gastroesophageal cancer is usually asymptomatic in early stages, and symptoms such as weight loss, dysphagia, dyspepsia, vomiting, early satiety, and/or iron deficiency anemia develop mostly in advanced tumor stages [2, 3] . In consequence, most patients in the western world are diagnosed very late during the course of the disease, at a locally advanced (stage III) or metastatic stage (stage IV). Even though the survival showed a steady increase during the past decades independent of the tumor stage, the prognosis remains poor especially in more advanced stages. For esophageal and gastric cancer, 5year relative survival is 23.6 and 30.6% at locally advanced stages and 4.8 and 5.2% at metastatic stages, respectively [4, 5] . Knowledge on factors that support this unfavorable outcome is scarce, yet desperately needed to improve it. Thus, biological factors, which drive tumor progression and metastasis, are of high clinical interest for the development of new targeted therapeutic approaches in order to potentially prevent or slow down the tumor growth.
Thyroid hormones modulate proliferative, metabolic, and angiogenic pathways, and previous studies suggest that their levels can be associated with cancer development and progression [6] [7] [8] [9] . Also, loss of normal functions of thyroid receptors might also contribute to cancer development, progression, and metastasis [10, 11] . However, data on endocrinological parameters and their correlation with cancer incidence as well as progression, especially in the field of gastrointestinal oncology, are scarce.
Thus, the aim of this study was to investigate the prognostic impact of thyroid hormones in a large, well-defined cohort of patients suffering from metastatic gastroesophageal cancer.
Patients and Methods

Patient Collection
Patients with histologically proven advanced or metastatic (stage IV) gastroesophageal cancer treated between March 2002 and June 2018 were identified from the patient database of the Vienna General Hospital, Austria. Clinical information including patient demographics, therapy regimens, thyroid hormones, and survival outcome was obtained.
All patients underwent tumor staging prior to therapy according to the local hospital standard, including history taking, physical examination, routine hematologic tests, upper gastrointestinal endoscopy with histological biopsy, and computed tomography of the chest and abdomen.
Patients were treated according to the individual decision of an interdisciplinary tumor board, which ensured the best possible treatment according to the respective standard of knowledge at the time of diagnosis. As all treatments were in a palliative setting due to the advanced tumor stage, the prolongation of OS and the reduction of symptoms were the main goals.
The treatment included systemic (immuno)chemotherapy and/or palliative gastrectomy and/or radiation therapy of the primary tumor, lymph nodes, or metastatic sites. Patients with neoadjuvant treatment of the same tumor in an initially curative setting were excluded from the study.
Routine re-evaluation of the tumor status was performed at least every 3 months with computed tomography or magnetic resonance imaging. Evaluation of the response was done according to the current RECIST criteria by experienced radiologists [12] .
Patients were followed up until death according to the hospital or public records or loss to follow-up.
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation and with the Helsinki Declaration of 1964 and later versions. Due to the retrospective design, no separate informed consent was necessary in the scope of this study. The study was approved by the ethics committee of the Medical University of Vienna.
Recruitment of Endocrinological Parameters and Disorders
We evaluated endocrinological parameters including thyroid hormones including thyroid-stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4), free triiodothyronine (fT3), and free thyroxine (fT4). All parameters were determined using standard assays and procedures according to hospital routine. The normal ranges of parameters are TSH, 0.44-3.77 μU/ml; T3, 0.8-1.8 ng/ml; T4, 58-124 ng/ml; fT4, 0.76-1.66 ng/dl; and fT3, 2.15-4.12 pg/ml. Thyroid disorders were defined using blood tests including TSH as well as fT4. TSH levels lower than the normal range of 0.44 μU/ml indicate hyperthyroidism, and TSH levels higher than the normal range of 3.77 μU/ml indicate hypothyroidism. Whether the dysfunction is clinically relevant is determined by thyroxine. If TSH levels are out of normal range but thyroxine levels are within the normal range, the thyroid disorder is classified as subclinical. If TSH is lower and thyroxine is higher than the normal range of 1.66 ng/dl, this indicates clinically relevant hyperthyroidism. If TSH is higher and thyroxine is lower than the normal range of 0.76 ng/dl, this indicates clinically relevant hypothyroidism.
Statistical Analysis
Chi-square test was utilized for the analysis of the distribution of dichotomized variables. Due to the hypothesis generating design of the current study, no correction for multiple testing was applied. Patients without an event (death) were censored at the date that they were last known to be alive.
Differences between groups were assessed using the chisquare test, the Kruskal-Wallis test, the Mann-Whitney U test, and the Pearson correlation as appropriate.
OS was calculated from the date of the initial diagnosis to the death of the patient or the patient's last follow-up date. Analyses of OS were done with Kaplan-Meier survival estimates with log-rank test and Cox regression. Using log-rank test, following parameters were correlated with outcome: gender, body mass index, nicotine, alcohol, family history, localization of cancer, histology, number of metastatic localizations, treatment (palliative chemotherapy vs best supportive care), gastrectomy, radiotherapy, second oncology, and known endocrinological disorders. Using Cox-regression analysis, following parameters were correlated with outcome: age, TSH, fT3, T3, T4, and fT4.
Two-tailed p values of ≤ 0.05 were considered to be statistically significant. All statistics were calculated using statistical package for the social sciences (SPSS) 24.0 software (SPSS Inc., Chicago, IL, USA).
Results
About 258 patients with gastroesophageal cancer were included in further analysis. Table 1 shows the demographics and the baseline characteristics. Eighty patients (31%) were women, and the median age at diagnosis was 61 years (range of . About 117 (45%) patients were smokers, and 100 (38%) had a drinking habit. Interestingly, 51 patients (20%) had a positive family history for cancer, 27 (11%) of them even positive for gastroesophageal cancer. Table 2 shows the gastric cancer-specific characteristics and treatment modalities. In 124 (48%) patients, the tumor was located in the stomach, in 70 (27%) patients at the gastroesophageal junction and in 64 (25%) patients in the esophagus. There were 32 (12%) squamous cell carcinomas and 226 (88%) adenocarcinomas. Regarding metastasis, 150 patients (58%) had only one site of metastasis, 85 patients (33%) had two sites, and there were also patients with three [20 (8%)], four [2 (1%)], and five [1] sites of metastasis when they were first diagnosed. The most common metastatic sites were the liver, the peritoneum/omentum, and the lymph nodes with 106 patients (41%), 103 patients (40%), and 91 patients (35%), respectively. Around 10% of the patients had a second cancer either before or at the same time of the diagnosis of gastroesophageal cancer. Concerning treatment options, 228 (88%) patients received palliative chemotherapy to reduce the tumor load and relief symptoms; only 30 (12%) patients received best supportive care without any chemotherapy. Radiation therapy was used in 48 patients (19%), and 39 patients (15%) received a palliative gastrectomy. About 26 patients, that is, 10% of the study population, received thyroid hormone replacement therapy at the time of their cancer diagnosis, and 11 patients, that is, 4% of the study population, had undergone partial thyroidectomy. All but one patient who had undergone partial thyroidectomy were hypothyroid after the procedure and had to take hormone replacement therapy. Only one out of the five patients with clinical hyperthyroidism received treatment for hyperthyroidism (thiamazole); the others did not get any treatment for this endocrinological disbalance. Hypothyroidism was statistically significant diagnosed more often in women than in men (20/80 vs 21/178; p = 0.010). Other parameters like age (p = 0.130), tumor location (p = 0.536), histology (p = 0.192), family history (p = 1.000), second cancer (p = 0.412), smoking (p = 0.612), alcohol (p = 0.277), number of metastatic sites (p = 0.531), metastatic site (lymph nodes, p = 1.000; liver, p = 1.000; lung, p = 0.089; peritoneum, p = 0.863; bone, p = 1.000; Krukenberg, p = 0.502; kidney, p = 1.000; brain, p = 1.000; muscle, p = 0.362; pancreas, p = 0.638), and Her2 (p = 0.548) were not associated with hypothyroidism.
Hyperthyroidism was statistically significant diagnosed more often in patients with positive oncological family history (9/51 vs 11/207; p = 0.007) and in patients with liver (14/106 vs 6/152; p = 0.008) and lung metastases (7/38 vs 13/220; p = 0.016). Hyperthyroidism was not correlated with gender (p = 0.134), age (p = 0.328), tumor location (p = 0.691), histology (p = 0.484), second cancer (p = 0.051), nicotine (p = 0.100), alcohol (p = 0.878), number of metastatic sites (p = 0.160), metastatic sites (lymph nodes, p = 1.000; peritoneal, p = 0.094; bone, p = 0.392; Krukenberg, p = 1.000; renal, p = 1.000; brain, 0.216; muscle, 1.000; pancreatic, 1.000), or Her2 (p = 0.695).
Thyroid Hormones
Thyroid parameters analyzed in this retrospective cohort including unit, normal range, median, standard deviation, minimum, and maximum are shown in Table 4 .
fT4 levels were statistically significant correlated with Her2 status (p = 0.032, Her2-positive median of 1.51 ng/dl, Her2-negative median of 1.26 ng/dl) and alcohol (p = 0.025, no alcohol median of 1.38 ng/dl, moderate alcohol use median of 1.24 ng/dl, alcohol abuse median of 1.01 ng/dl). These results are shown in Fig. 1 . fT4 levels did not correlate with age (p = 0.632; rho = −0.053), gender (p = 0.961), histology (p = 0.477), tumor localization (p = 0.), family history (p = 0.212), second cancer (p = 0.534), nicotine (p = 0.488), number of metastatic sites (p = 0.754), metastatic site (lymph nodes, p = 0.694; liver, p = 0.331; lung, p = 0.429; peritoneum, p = 0.206; bone, p = 0.070; Krukenberg, p = 0.434; kidney, p = 0.554; brain, p = 0.771; muscle, 0.640).
Survival Analyses
The median overall survival (OS) of the study population was 286 days (95% CI 238-334).
The correlation of demographics and the baseline characteristics as well as characteristics of the malignancy and its treatment with survival are shown as p values in Tables 1  and 2 .
Correlation Thyroid Parameters and Survival
The TSH level did not significantly impact the survival outcome, but a trend could be seen that higher TSH levels often correlate with shorter survival (p = 0.070, HR = 1.102). Lower levels of T3 (p = 0.003, HR = 0.141) as well as higher levels of fT4 (p = 0.041, HR = 2.202) led to a significantly shorter survival. Different levels of T4 (p = 0.071, HR = 0.990) and fT3 (p = 0.938, HR = 0.986) had no influence on the overall survival.
The overall survival of patients with thyroid disorders did not differ significantly from euthyroid patients, neither considering all thyroid disorders throughout patient history (euthyroid, median OS of 283 days, 95% CI of 238-328; hyperthyroid, median OS of 354 days, 95% CI of 94-614; hypothyroid, median OS of 284 days, 95% CI of 122-446; p = 0.472) nor considering only thyroid disorders known before the diagnosis of cancer (euthyroid, median OS of 288 days, 95% CI of 238-338; hyperthyroid, median OS of 286 days, 95% CI of 0-665; hypothyroid, median OS of 218 days, 95% CI of 119-317; p = 0.823). The use of thyroid replacement therapy (without, median OS of 286 days, 95% CI of 234-338; with, median OS of 275 days, 95% CI of 138-412; p = 0.627) as well as partial thyroidectomy (without, median OS 
Discussion
The association of thyroid function and cancer progression has been addressed by several preclinical and epidemiological studies; however, to our best knowledge, we are the first to investigate the prognostic impact of thyroid function in a large cohort of patients suffering from metastatic gastroesophageal cancer. The most important finding of this analysis is that high fT4 levels, which fit a hyperthyroid state, indicate a poorer overall survival of patients with gastroesophageal cancer in an advanced stage. These results match the hypothesis that thyroid hormones modulate proliferative, metabolic, and angiogenic pathways and thereby lead to tumor progression [6, 13] . Our observation is well in line with previous preclinical and epidemiological studies surmising the conducive effects of high fT4 levels on tumor progression [11, [14] [15] [16] . Thus, further preclinical studies identifying potential therapeutic targets in the interaction of thyroid hormones and cancer cells are warranted.
Multiple preclinical as well as epidemiological investigations indicate that higher TSH levels are associated with a lower risk for specific types of cancer (such as prostate cancer, lung cancer, and breast cancer) and that higher fT4 levels are linked with an increased risk for the incidence and progression of these malignancies [11, [14] [15] [16] [17] [18] [19] [20] [21] [22] . Since patients with hypothyroidism were shown to be older at the diagnosis of breast cancer, it was surmised that the hypothyroid state actually might slow down tumor development and progression [8, 23] . Contrariwise, there are studies showing protective effects of thyroid hormones [24, 25] . Eventually, no direct association between thyroid hormones and cancer in general could be found as the results of multiple studies concerning this issue have not been consistent and so far a specific underlying pathophysiological mechanism has not been detected in vivo. Especially in patients with gastrointestinal cancer, comprehensive analyses of the prognostic impact of thyroid function are so far missing.
Thus, the aim of this study was to investigate the prognostic impact of endocrinological parameters, especially thyroid hormones, in a large, well-defined cohort of patients suffering from metastatic gastroesophageal cancer.
Interestingly, our study does not show any survival benefits for patients who were diagnosed with hypothyroidism, as well as no survival detriment for patients who were diagnosed with hyperthyroidism, neither before their cancer diagnosis nor throughout their entire patient history, respectively. Even though hyperthyroidism could be statistically significant correlated with liver and lung metastases suggesting an extensive malignant disease, no correlation of hyperthyroidism and OS could be shown.
Several studies show that the presence of hypothyroidism evolving during the application of chemotherapy is a marker of remission, improved treatment response, and decreased tumor growth in specific tumor types such as melanoma, renal cell carcinoma, gliomas, and indolent breast cancer [26] . This was not the case in our study, since hypothyroidism did not benefit the survival of this patient subgroup. However, one can surmise that chemotherapy might be a risk factor for thyroid disorders, since more than 12% of our study population developed hyperthyroidism (17 patients) or hypothyroidism (15 patients) during the course of cancer therapy. This assumption is in line with the findings of other trials [22, [26] [27] [28] .There were also no changes of survival outcomes in correlation with the treatment of thyroid disorders.
Higher fT4 levels were associated with impaired survival prognosis in our series of patients suffering from metastatic gastric cancer suggesting that a rather hypothyroid state could impact the survival positively. In line, previous studies suggested that induced hypothyroidism could lead to a survival benefit of tumor patients, yet this effect could not be shown in randomized studies so far [6, 13] . Furthermore, a possible explanation for the associations of high fT4 as well as low T3 levels with the median overall survival in some patients might be the nonthyroidal illness syndrome (NTIS). This syndrome is a constellation of changes in circulating thyroid hormone levels that occur in euthyroid patients with chronic systemic diseases. Usually it is associated with a reduction in serum T3 and variable changes in serum fT4 levels. Although NTIS was believed to play no role in the development and proliferation of cancer cells, a recent review by Hercbergs et al. cited multiple studies that indicate an association between NTIS and malignant tumors [29] . The findings of our study suggest that NTIS might not be benign in the context of fT4 and gastroesophageal cancer. However, further studies in a prospective setting are needed to verify these r e s u l t s . I f t h i s h y p o t h e s i s h o l d s t r u e , i n d u c e d hypothyroxinemia (suppression of fT4 as well as the administration of T3) might be considered for patients with advanced cancers to whom other avenues of treatment are closed. This potential treatment option was already discussed by Hercbergs et al. [30] .
Interestingly, in our cohort, fT4 levels could be associated with alcohol and Her2 positivity. Alcohol has been reported to cause direct suppression of thyroid function, which is in line with our findings [31] . However, the correlation of Her2 positivity and fT4 has not been described yet. Since Her2 was initially associated with a worse prognosis, which has only changed due to the establishment of treatment with trastuzumab, this finding may suggest that Her2 positivity and elevated fT4 levels collaborate on tumor progression [32, 33] . However, the exact mechanism of thyroid hormones as driver for cancer progression as well as a prognostic factor is still not known precisely, thus preventing development of new treatment options. Therefore, a deeper investigation of the underlying molecular mechanisms might allow the identification of promising new treatment targets. The results of our study strongly support the further preclinical investigation of pathways activated by thyroid hormones as potential targets for cancer therapy [13] .Furthermore, an association of nicotine abuse and alterations of thyroid hormones has been described in literature [34] . In this analysis, neither hyperthyroidism nor hypothyroidism or fT4 levels could be correlated with smoking. However, since this topic is highly debated, further prospective studies might bring more insight into this association and might correlate the results with the overall survival of cancer patients.
Strengths and limitations of the study need to be considered. The patient population was homogenous: all patients had metastatic gastroesophageal cancer at presentation and were therefore in a palliative treatment setting with an estimated survival of about 9 to 12 months. All patients were treated according to the individual decision of an interdisciplinary tumorboard, which ensured the best possible treatment according to the respective standard of knowledge at the time of diagnosis. All patients were followed up regularly.
The correlations of endocrinological parameters with survival were analyzed using the Cox regression, since this form of testing provides better estimates of survival probabilities and cumulative hazard than those provided by the Kaplan-Meier function. One important limitation of this study, as it is a retrospective analysis, is missing data concerning the laboratory results. Since regularly routine laboratory monitoring during the treatment with chemotherapy is obligatory and standardized at the Vienna General Hospital, most results were retrievable from the medical records. However, there were still missing endocrinological parameters in some patients. Data was obtained in 180 patients considering TSH, 73 considering fT3, 49 considering T3, 78 considering T4, and 83 considering fT4. Furthermore, in this study, laboratory results were only analyzed at the time of cancer diagnosis. Further treatment strategies as well as other interventions might influence the longitudinal effects of thyroid hormones and thereby influence the overall survival. These sequential laboratory parameters were not retrieved and therefore not discussed in this paper. Thus, to confirm the results of this study, a prospective study should be conducted to minimize missing data points. Furthermore, a more detailed examination of laboratory values concerning thyroid hormones, including the presence of autoimmune antibodies as well as thyroid hormone receptors, in a prospective cohort study would be of interest to identify the underlying cause of the observed association between a hyperthyroid state and a poorer survival prognosis. Since our analyses were performed at the time of cancer diagnosis, the investigation of the longitudinal effects of endocrinological parameters on cancer development is an important objective in future studies.
In conclusion, in this retrospective single center analysis, high fT4 and low T3 levels indicate a poorer overall survival of patients with gastroesophageal cancer in an advanced stage. Since data on the correlation of endocrinological parameters and gastroesophageal cancer are scarce, this analysis is an important impulse for further studies concerning the impact of hormones on patients with tumors of the upper GI tract.
